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Summary

The attached memorandum describes a screening level evaluation of enhanced bioremediation
(EBR) applied to NAPL source zone targets at ST012. The purpose of the effort is to estimate
tlmeframes for completlng the remediation N

source zones LS
Contaminants dlssolve out of the NAPL into surroundlng groundwater and then undergo
biological degradation. Remediation is complete when contaminant fractions in the NAPL are
reduced to levels that no longer impact groundwater above cleanup goals. The duratlon to
attaln this goal is known as the time of remedlatlon {TOR). ¢
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also state that Amec’s MAPL mass estimates were Used in
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Commented [DE3]: Maybe this is obvious, but should:vou
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Detailed numerical calculations for monitored natural attenuation before and following a
hypothetical application of SEE were performed previously using the SEAM3D Model as
reported in Appendix M of the TEE Pilot Test Evaluation Report {BEM, 2011). Those calculations
were very complex; however, model parameters were calibrated to field data. Depletion of
individual NAPL source zones can be estimated to the same order- of—magnltude
wit-mass balances that
include the same mechanlsms of remedlatlon averaged over each target soil volume. Details of
the volume-averaged model are provided in Appendix B of the memorandum. The_
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Biodegradation | £ miod : with two different
approaches i { : : first--order
egradation and

Commented [DICAT: Bo | tied 1o maKe this section less
confusing by using your miore simple first-order; equilibrium
calcs

Commented [DES]: How does this rate compare to other
iterature values?
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Commented [DE7Z]: Should these be changed around,
_ increasing the decay constant decreases the TOR?

egradation {using the site-specific, callbrated
. from the SEAIVI3D modelmg effort; -{BEM, 2011). These same parameter
g are cited in Tak { the STOlZ

Commented [DE8L: Does this still use the rate constant that
i Amec used?

TOR with Monod kinetics ranged from 90 to 140 years in the L
HUWBZ} and 8 to 23 years in the i ] L
estimates are based on site measured propert|es and callbratlon to site conditions. Sensitivity
calculations indicate increasing the mass transfer coefficient by a factor of ten yields a slight
decrease in the TOR suggesting the groundwater is near equilibrium. An order-of-magnitude
decrease in the mass transfer coefficient increased the TOR in the LSZ by a factor of four but
yielded a margmal increase in the TOR in the UWBZ, suggestmg indegradation is the limiting

Based on the i model and underlying assumptions, the concentratlon of
sulfate--reducing bacteria grew to a stationary--phase f siradloa-arsund 310 3.5
mg/L ki 2} in both zones, when growth occurred The growth period
was approximately 12 to 24 months in the LSZ. The growth period in the UWBZ was on the
order of 35 to 40 years assuming a zero death rate. -The UWBZ growth was slow and the results
were very sensmve to the death rate as a result ofthe Iow utlllzatlon rate.

it . e calculated TOR was not strongly influenced by the
assumed initial biomass concentratlon {0.01 mg/L). In addition, initial sulfate concentrations
exceeding 8,000 mg/L provided no improvement in the TOR.

! commented [DES]: Suthersand et 2l (2011) gives 2000
i mgfi for sulfate no longer rate limiting

Based on the model and its output, study topics for the first phase of sulfate reduction at the
site include:

1. Willengineered degradation rates yield attainment of remedial objectives in desired
timeframes?

| Commented [DEID] State a predictive model must be
idev to this?
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10.
11.

12.

Will the sulfate reducing bacteria {SRB) biomass grow as needed?

What is the optimal concentration for sulfate injection?

Will highly concentrated injections of sulfate be inhibitive to bacterial activity?

Will the injected sulfate become well distributed with respect to NAPL accumulations?
What is the lag time for SRB to acclimate to elevated sulfate concentrations {not
included in the model)?

Inhibition by other degradation processes and nutrient availability are not included in
the model, are these factors important?

Will hydrogen sulfide concentrations or other reaction products inhibit degradation or
will subsurface conditions mitigate their buildup?

If/when sulfate is no longer limiting rates of degradation, what will limit the reaction
and what degradation rates can be expected?

Is benzene slower to degrade than other aromatics, or faster, or average?

Will periodic sulfate injections or recirculation be necessary to sustain degradation
rates?

How will the actual depletion of aromatic compounds from NAPL be assessed
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